SPAR - BRAMPTON (SS8) Critical Items List SRMS

A5 AIRPORT R
: CIL Retd: 5157
BRAMFTON CONTARIO LES4I Revisian: O FMEA Rev: O

. System: SRMS )

Subaystem: ELECTRICAL SUB-SYSTEM
Axzambly Desc: Saro Fowsr Amplifer -

Part Hurmnbar{s): 5171<40F 11773 ST14QF 11775
Rerr
Function: Central Processing Unit Assambly Frovides hardware and software recarsaary ko imphe i sane conhl foogs,

control operation af the Aralog FF, Digeal F and MDA bésitde and communicate
with tha MCIU. Provides PLL and frame sync BITE B2 well 33 8 hacdware
watchdog timer to monitor haaith of misrssomputer itself.

Mator Diive Amplfiar Assembily Provides moted wiltage Desed on damand fmm tachometer slectranies.
Commubites tha motor drive watags  Provides hardware curment miting, brake
drive, direct drive furchoes and ofables bacoup drive. Providee BITE elreults ar
BITE verification for MDA,

Analed Interfice Assembly Provides Tachometar axcitation, SC0 sgral fherng, Fhase Lockad Loop and

) T2CHTrEEr CoUnier Clrcuits (o presice messunsd mobor speed dats bo (nmer and
outer rate loops. Provides analog to digital canversion of MDA buck culput voltage,
EFC +5V and referefice volages for RITE

Fittar Board Axsambly Filtary 28V 1o SPA. Fllters sacondary volages i position ancodsr, commubator
and kachometer SCU. Provideg bockup retay 1o swiich motor to Backup drve.

Digktal Irtarfacs Acsembhy Recoies and leads setrirand data to CPL. Greeabas poaition encoder chock and
SN0 Signals, Drocesses DOSIon encodar date and mdarnat fage and apssmibles
retunt daty for rarsmisaion to MCILIL

Fyilwe Mode: EPC shuts down.

HW Func. Scresn Foilures
Grilcallty: 2 1R

Mizxion Phasa: Crit

Cautsfs]: Analog [nterface Assembily Losa of EFC sacondary witagis.

Central Processing Lint Assermbly EPC +SVDE supehy el aforted,

Digtal [mterfase Aseambly EPC +10W supply fails storked to greund.
Loss of EPC supply voltages.,

Fiteer Board Assemoy Loss of +26VD0 cutput 1o MDA and EPC,
Losa of EPS secondary voltages,

Wotor Drve Ampiflar Assamibty Loge of +26VDC sutput 1o MDA and EPC.
Lows of EPG current [imiing. -
Loma of EPC Feedback Yoltage.
Logs of EPC supply vollages.
Seriee FET fails permanently on.

Fadlura affeci on
unitherdd tem:
All EFC outputs to SPA, Comerutatsr and Posflion Engoder ane lest  3PA shuts down.  SPA fuse may be blown. Loss of computer
supportesd and drmct drive modes. Al camemand and retum data ‘words are zero for falled Joint and joints twands wrist, All command dota
wowrts rphamend 1o MCILE ans e

Worst Sase: Unesxpached motion. Fres joint, Autobaies,

Rudundant Pathg: Autobrakes (to Safe the Syshem).
Barip Orive and End EfTactor Manual mods,

q- T WA
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SPAR - BRAMPTON (555) Critical items List SRM:!

445 AIRFORT RD '
ciL Reth: 3157
BRAMPTON ONTARID LESA Bevision: O FMEA Rav: 0
Retertion Rationale i : .
Desmgn:

Discrota samitonduttor deviers am spacilled to 3t least the TX kel of MIL-5-19500 Samples of all j
) _ _ . procured KI/Oae CoMes an subjpetes
to destructive physical analysis [DP&} to varify thes Integrity of the manufacturing procesces. Particls |mpact Moisa Datacgian {PIND) wtjining
;E;tﬁln;?ad on mrL:ﬁ'nch'nm ! L:c_ls. harmm o ard digdne that are mounted In @ packagpa with an imernal cavity constnaction. The purpase of the lest «
casa pa N2 package, usually resuiing from the eesembly process. Dovica oireas kevels ane derated in o
EPAR-RMS-PA.D0Z and venilled by dasion raview. 1 aecamancs it

Cpto-izglators are subyected to ths =ame qualty and applicalien contram g3 appiind b disarets semiconductor.

Rutbstors end capacitors used (ntha design are salected from established reliabiity (ER) typas. Life sxpetiancy s increased by snsL
U'IIt.IJ.l alkrwatle sirses kevels are deralod i acesrdance with SPAR-RMS.PA D03, Al seratic and electrolytic capectors are m:h'mlr .
subjected to radkgraphls IRspection in accondancs with Ihe reguiternants of M5 FG-5TD-355.

Trar'n;rmmm and indl._nctm are caclgnad speciically for e application. Theas are toroid-wound and utilize o farite core material, Choice
of Wire siza and of imsulaion mateniale enewrs that the derating requiremants of SPAR-RMS-PA OX3 are met

Cormparaions and oparstional amplifien are standard §near integrabed circuits with mature marulsciuring bebrnlogy, A -
are in accardanse with SPAR-AMS-FA 003, ng nlogy. Appication cansirairts

The 5PA board i fabneated using Surface Mount Techoology (SMT). This s 1 FvE aasambly bechriogy In which ths Zomponenis s
aciderad 1o the soldar pads on the surfaca of the PWE. Tha signifiezant advantage of this teshnelogy ia ko ansbia the pants on Une board o be
rmore danesly packed. to redude i sverall valume and wolght of e sssamibly.

Tha segsmbly procass is highly autamated, Thapumm Mountad o the hoams using a computer eanilied "pick and ptaca™ maching, The
subsecuant soidarng oparaticn & performed Lsing 4 balt furmace, in which the time and mperature thwirmal profla that e PWE asaz=mbly Is
axpossa] 19 5 figiiy controled and optimized [ epsups Poea prt xolonrng atachmen. The assembly is mantactured under documenged
procadures and quality conmols. Thesda controks e axarcisad theughad the sesambly, inspection amd teating of the unil. Thas inspection
INEIucies: workrmanship., compenent mounting, soldering, and con formal coating i sneuns tat it & in aocordanme with the N 4B 5300 stangdsms.

Tha SMT lins uead for the SPA PWE assembly has undergans a fult gualification program, 2nd assembhes produced on thos lins ang wsed in
othEr Epaca pimgrams,

Thi Ercuit board design has been reviewed 10 ansune adequiste sonductor wicth ang separation and te conflm apefogrige dmaEngions
SO/cer pads and of Cmpanent ol Provisions. Parts mouiting mathons s covimiled in ecoondance with MEFC-5TD-1544, MEFC-5TD-
and SARD 2573TS). These documenis require approved mountng mathods, stress rellef and component secary.

Tasl.

QUALIFICATION TESTS - The SPA is subjectad to thir followang suslificshon teating:
VIERATION: Each ads of the QM &5 subjected to Flight Acceptanca Vibration Tast (FAYT), Quallication Acceptance vibmtion Test {(SAVT),
and Qualilzaton Vibratisn Tests (QVT) in accordanos with tha SPA Vikeston Test Procedure (826556}, The level and duralion for FAYT is s
per Figure € and Table 2 of 826584, the kevel and duration for QAT s @3 per Figura 7 and Tabis 2 of 826565" the leved and duration Tor VT ie
as per Figure 8 and Tabbe of B2E5068. Al the and of the thien sutcassive rancom vibeabon test in mach axia, both direstions (+-) of sach of the
x5 i6 SuDjecied 1o & SHOGKE pulse tesl xc par Figure 9 of 828588
THERMALVACULIM: QM TVAC Testis in accardance with Figure 5 of the SPA TWAG Test Procegure {B26538), wiln fdl
Functional/Parametria Test parformed at lavels of +60 degrees C and -35 degress C, und non-cperstng at -54 degrees ¢, The Qudlification
wESUMM levels during TYAC i5 1A1™ -0 terr or kes3. The tolal test durstion & 7 1/2 cyclas. Tha O 3P A & Subjected to a minimum of 1000
houre of life testing arvd 1000 povwer Cn-Off cyales.
EMG. The QM |s subjecied to EMC Testing (teats CEO1/CEQR, CEOF, C501, 050, G508, REQZ, RS2, and R3] in accordancs wilh the
SRA EMC test Procedure (B25477) basad an MIL-STO-481 A

UHIT FLIGHT ACCEFTANGE TESTS » Tha FM SRA |5 subscted 10 the ToRowing ascogtange esting;
VIBRATION- FM Acceplance Vibration Test (AVT) in accordanca with the SPA Vibration Test Procedune (25586), with evel snd duration s
pr Flgura 5 and Tabla ¥ of B28586
THERMALAACLILM: Fid TVAC Toul i in aceardares wilh Frgum 8 of the SPA TYAL Taot Proczdure [S7RE88), with lavels of +49 deqraes O
any =23 deprees O for & duratoon of 1152 cyeles. The vacuom (meess during Accaptance TVAC Test in 12010% -5 roT o [ess.

JEHHNT SR YESTS - The SPA in boxhiad & part of ha jorilh [orviBiarnt ol ik tavata only}. The amblent ATF for the Ehoulder Joml,
Eloow Joand, and Yyrist Joirt ame o5 par ATP.2001, ATP. 2003, and ATF 2005 respectivaly. Tha vibration basd far e Shoulosr Joim, snd EDow
ur Wirest Jeand ama as par ATP.2002, ATP.2004 and ATP 2006 racpactivaly. Thitugh wire function, eantiraily amd nlectireal medation besls are

performed par TR 283,

MECHAMICAL ARM REASSEMBLY - The SPA's/Juinta underga a mechanical 4rm irtegration stage whers siecirical checxs are perfumed
per TR 2007.
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SPAR - BRAMPTON (SSS) Critical Items List SRM8

45 AIRPORT RO
CIL Ref#: 31 5?
BRAMPTON ONTARID LEBS4I3 Reyision: FMEA Rwy: §
. . MECHAMICAL ARM TESTING - The aulgoing spm-arm is configured on the Strongback and tha Maripulaar Arm Chackalt s performied
par ATP 1932

FLIGHT CHECKOUT: PORS DFS Checkout (il vehicles) JEC 16957,

Inapactian

Unix ars manufchursd under documnersg quality controls. These comtrols are enercised thwoughoul design procurement, panning,
recanng, procasang, labriihon, assembly, testing and shipping of the units. Mandatory inapectian painta are smgtayed at varous stages of
mbricaian, axssmbly, and test  Govamment sourcs (NEpachon is Invoked at vatdus control levaks,

EEE part inapedtion iy performesd ae required by SPAR-RMS-PA003. Each EES part is qualified at the part leved 1o the requirements of the
applicable spacification. Al EEE pars ane 100% sereaned ot bumed-In, 45 a minimum, as requined by SPAR-RMS-FA_003, by the suppiier,
DPA is performed a5 required by FA.Q03 an @ ranggmly selected B% of parts, manimium S pieces. minimum 3 peces fof each ol nymberidate
code of pares resanvad, AN cavity devices are subected 1o 100% PIND, Wirs = procunsd 18 apedifedtion MILAW 22759 or MIL-AY-B1 381 and
inspected and fested to NASA JBCMB0E0 Standard Mumber 554,

Racardng inspection verifles thal all parts received are as [dentificd In tha produremant decuments, Ibet ro shysical damage has cooumed to
Fans durng shipment, It e rededving doouments provide adequals lraceshility miormation and scresning cdab cleary |dentifes acoeptanie
parts,

Fuorte are nepected throughart manufacture and sesembily 29 appropriate to the manufaciuring atage cempleted. T o pactioos mclude:

Frinted circuit board inspeciion for treck ssparstion, damegs and adequecy of plrisd through holes, CoMmponem mourting irspection tor
carmect acidaring, wire leoping, slrpping, she. O parators and insowchons any tained and certfied to NASA NHE 5300.4(34-1 Sandard,
Confamnal esnlifg ivapection e e uabe processing m geformed uwing ultreviciet ight techniquas, P.C. Boand irstaltabion inspaetion inoludes
checks for comest board ingtailation, alignman of boards, proper connechor conbecl Meting, wire routing, strapping of wirss sic. Post PG
Board wstaliabion inspeshion inaliees omnlnegs and m'hmm {Spmrigerasramert rep, mancatony nspection point),

Unht Pre-Afzaptancs Teat Lo sisstlon, whith indhudis an st of kwae' Ser rmepaction completion, a6 bullt conflguration vericabon to as
design &t (mandatory inspestion paint). A uni Tt Raadiness Review [TRRG which walude, vevification of test personnel, tesl documens,
test equipmant calibralicniaidalion status and hardware configuration b5 comvaned By QA in conjunchon with Enginsenng, Rsgabdty,
Conflguratien Conirel, Suppler 36 appleable. and th DovEMment fepfecantative, prior ta 1he star of ary farmal teating (Ascaplanes ar
Gaifcaton). Lind ievel Acceptance Teting (ATP) intiudes ambient parformance, thermal and windion Lesting [ Sparpovamment me.
mendatory inspection point).

Irdsgration of Lnit ta Jodnt SR LU - INspectons melude grounding chicks conmecions for bent of psniack mrtcts, vissl, chanbness,
fntercpnnect wirpa and pover up test to the appropriste Joink inspection Test Procedure {ITP). Joint v Pea-Aooegtances Tesd napsction,

. melies an audil of wer Bt inspestiog oormpieton, uumwmmﬂmm Joirt lvwl Accaptance Testing (ATP)

Ingludes ambient and vibraton tesing (Spanigovemment rep, mandatory Irspeston o).
Mechanieal Arm Reaccembly - the irfegration of machanissl amm sosacmblioe o fomn B ssembled arm. inspectione are performed at

eaeh phiase af integrabion whith moiudes Ectice check, tough winTeg checiol, wilng routing, 5 arface CONNachs e hent o Dushback
cuntastn phe. Mechoniosl Am Teuobing - Strengboek aed Rt foer embiort performance test |Sparigovernmant rep. mandaiony inspection point.

OMRSED OfMline: Power-up arm. Yarify no ABE communicetion feilures or BITE ermors.

OMRED Online Mona,
instalatian:

CMRSD Online Powsr-up arm. Yertfy no ABE communcallon Taliures o BITE emors.
Tumareund:

Ecreen Fallure: A: Pass
8: Paas
G Paas

Craw Training: The crew will be trained o awarys chporvo witdthor tha am i respondng proparty to commands. | e=nl, seply brakes.
Crew Action: Sakect Back-up Drive. Usd EE Minual Jesta.

Operailonal EMect; Cannct ums compuber supperbsd rroeiees. of operation. dutobrakes. Direct Drtve and Backup avzilabie. EE auta madie i unavausbm. Amm will
nat Bop autormaticalty if failum of he aute Branes syshem as previcusly oocumed, Brakes can be appled manuaky,

Missinn Cperats under vamisr mibes within approdmataly 10 & of struchire. The opersior must Ba abls {0 detect thal the am (3 responding propery to
Conptraints: commands vie window andior CCTY views during all anv sperations, Auto trajactonies must ha dasigred 1 Some neo closar han approdmetaty

5 R from siciur.

pprovals:

unctienal Group Name POSHON Tslaphone Gate Signed  Satus

.-r Pz, Michnel  EPAR BRAMPTON  Systems Engines 4534 0EMaro8 Signed
ity Mulgaard. Lara/ SFAR-BRAMPTON  Reliablity Engirmear 4550 DEMarad Signed
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BRAMFTON CNTARID LESAI3 Revision: 0
Program Management OMg  Rice, Craig / SPAR-BRAMPTON Technical Progrem Manages 4897 DEMarss
Subsystern Manager Ghenn, George [ JSC-ER RMS Subsyslarm Managar (281) $E21816  30Marap
Technizal Manager Alliaan, Ron f JSC-AWS BMS Project Engineer JEC (T13) 4834072 QRApmaE

(ZFL) W Tem®  pagmtl 7 v,
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